Abstract
The naturally occurring triterpenoids, especially oleanolic acid and ursolic acid, are well-known to have anticarcinogenic and antitumoral activity in experimental animals [1, 2] . As a part of our ongoing search for cytotoxic constituents from natural Korean medicinal sources, MeOH extracts of the trunk of Berberis koreana (Berberidaceae), well-known as "Korean barberry", were selected for phytochemical investigation because its CHCl 3 -soluble fraction showed cytotoxicity using a sulforhodamine B (SRB) bioassay in our screening procedures and cytotoxic triterpenoids were isolated from the active fraction in our previous study [3] . In the process of our continuing efforts to study this source [3, 4] , we further isolated three new triterpenoids (1-3) together with seven known ones (4-10) (l " Fig. 1 ) from the active CHCl 3 -soluble fraction, using a bioassay-guided fractionation method and evaluated the cytotoxicities of all isolates (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) C NMR spectrum of 1 (l " Table 1 ) showed a pair of NMR signals at δ C 127.9 (C-12) and 139.0 (C-13), characteristic of the double bond of an ursane-12-en system and readily distinguished 1 from an isomeric olean-12-ene, in which the chemical shifts of the corresponding pair of signals could be around δ C 123 and 145, respectively [5] . The 1 H and 13 C NMR data of 1 (l " Table 1 ) were similar to those of 2α,3α,19α-trihydroxy-urs-12-en-28-oic acid (5) isolated from the same extract, except for the signals corresponding to ring A [6] . The 1 H and 13 C NMR data at δ H 9.52 (1H, s) and δ C 208.1, respectively, were consistent with the presence of an aldehyde group [5] . Its position on ring A was deduced to be C-24 by comparison of 13 C NMR data for 1 and those for related triterpenes [5, 7] and analysis of the HMBC experiment showing correlations of H-23 to C-3, C-4, C-5, and C-24, as well as of H-24 to C-3, C-4, C-5, and C-23 (l " Fig. 2 C NMR data of 2 (l " Table 1 ) were similar to those of corosolic acid, except for the presence of an oxygenated methine at δ H 3.85 (ddd, J = 3.5, 3.0, 2.5) in 2 [9] . Inspection of the 1 H and 13 C NMR data revealed that the chemical shifts of the ring E of 2 were nearly identical to those of methyl 3β,21α-dihydroxy-urs-12-en-28-oate [10] . This indicated that a hydroxyl group at C-21 of the ring E was present, which was confirmed by HMBC correlations from H-21 to C-17 and C-19 and from H-30 to C-21 (l " Fig. 2 ). The axial (α)-orientation of OH-21 was assigned by the observed coupling constants (ddd, J = 3.5, 3.0, 2.5) of H-21, which was indicative of an equatorial (β) proton coupled with three other protons [J = 3.5, 3.0, 2.5 for an equatorial (β) H-21; J = 10.5, 10.5, 5.5 for an axial (α) H-21] [10, 11] , and the relative configuration of 2 was identical to that of corosolic acid in the NOESY spectrum. Thus, compound 2 was determined to be 2α,3β,21α-trihydroxyurs-12-en-28-oic acid. Table 1 ) were similar to those of 3β-hydroxy-1-oxo-olean-12-en-28-oic acid, except for the signals corresponding to ring A with the presence of an acetyl group (δ H 2.05; δ C 171.1 and 21.1) [12] . The structure of ring A was confirmed by the interpretation of the HMBC spectrum (l " Fig. 2 ) in which correlations of H-3 to C-1 and C-5, H-23 to C-3, H-24 to C-3, and H-25 to C-1 and the correlation between H-3 (δ H 4.58) and the acetyl group (δ C 171.1) revealed the presence of a ketone at C-1 and an acetyloxy group at C-3. The coupling constants of H-3 (dd, J 2α,3 = 6.0 Hz and J 2β,3 = 12.5 Hz) observed in the 1 H NMR spectrum indicated a β-orientation of OH-3, which was confirmed by NOESY correlations of H-3/H-23, H-3/H-5, H-3/H-2α, H-2β/H-25, and H-24/H-25. Thus, compound 3 was elucidated as 3β-acetyloxy-1-oxo-olean-12-en-28-oic acid. The seven known triterpenoids were identified as 2α,3α,19α,23-tetrahydroxy-urs-12-en-28-oic acid (4) [6] , 2α,3α,19α-trihydroxy-urs-12-en-28-oic acid (5) [6] , annurcoic acid (6) [13] , pomonic acid (7) [14] , 2-oxopomolic acid (8) [15] , dillenic acid A (9) [16] , and alphitolic acid (10) [17] by comparison of their spectroscopic data with the reported data. The cytotoxic activities of the isolates (1-10) were evaluated by determining their inhibitory effects on human tumor cell lines (A549, SK-OV-3, SK-MEL-2, and HCT-15) using the SRB bioassay [18] . The results (l " Table 2 ) showed that all the tested triterpenoids (1-10) had consistent cytotoxicities against the A549 and SK-MEL-2 cell lines with IC 50 values ranging from 7.17 to 90.67 µM. The new compounds 1-3 showed significant cytotoxicity against all tested tumor cell lines (A549, SK-OV-3, SK-MEL-2, and HCT-15) with IC 50 values ranging from 7.17 to 48.73 µM. Of the known triterpenoids (4-10), compound 10 exhibited potent cytotoxicity against all of the cell lines tested with IC 50 values of 8.07, 12.62, 3.76, and 9.92 µM, respectively, for the A549, SK-OV-3, SK-MEL-2, and HCT-15 cell lines. In conclusion, this study indicates that triterpenoids are the main active constituents responsible for the cytotoxic activity of the trunk of B. koreana. All the tested triterpenoids (1-10) showed cytotoxicity in various cancer cell lines, indicating that these compounds would be good bioactive molecules for the treatment of cancers.
Materials and Methods

!
The plant material was collected from Jeju Island, Korea, in December 2005. Samples of plant material were identified by one of the authors (K. R. Lee). A voucher specimen (SKKU 2005-10) has been deposited in the herbarium of the School of Pharmacy, Sungkyunkwan University, Suwon, Korea. The air-dried and pulverized plant material (2.7 kg) was extracted with 80% aqueous MeOH two times (each 10 L × 4 h) under reflux. The resulting extract (220 g) was fractionated with n-hexane, CHCl 3 , and nBuOH, subsequently using H 2 O. The active CHCl 3 -soluble fraction (10 g) was applied to repeated column chromatography to purify the compounds 1-10 (Supporting Information). A detailed description of the bioassays is available as Supporting Information. The positive control, doxorubicin (purity ≥ 98 %), was purchased from Sigma. Tested compounds were demonstrated to be pure as evidenced by NMR and HPLC analyses (purity ≥ 95 %).
Supporting information
!
The general experimental procedures, the isolation details, and bioassay protocol are available as Supporting Information. 
